The variation of groundwater quality across different regions is of great importance in the study of groundwater so as to ascertain the sources of contaminants to available water sources. Geochemical assessment of groundwater samples from hand-dug wells were done within the vicinity of Ajakanga dumpsite, Ibadan, Southwestern, Nigeria, with the aim of assessing their suitability for domestic and irrigation purposes. Ten groundwater samples were collected both in dry and wet seasons for analysis of physicochemical parameters such as: pH, EC, TDS, Na
Introduction
The assessment of groundwater quality is as important as its quantity for various purposes ranging from domestic, industrial and agricultural uses all over the globe (Subramani and Damodarasamy 2005) . The quality of groundwater in a particular region is a function of physical, chemical and biological parameters. The variation of groundwater quality in a particular area is a function of physical and chemical parameters that are greatly influenced by geological formations and anthropogenic activities (Subramani and Damodarasamy 2005) . Pollution of groundwater is a major threat posed by leachate which is formed by anaerobic decomposition of waste and may infiltrate the aquifer (Tesfaye 2007) . Groundwater contamination has become a great problem due to rapid growth rate of population, industrialization and urbanization in the metropolitan city all over the world. The quality of groundwater is normally characterized by different physicochemical parameters level. These parameters change widely due to various types of pollution, seasonal variation and groundwater extraction (Ramakrishnaiah et al. 2009) . Siting of open dumpsite near the residential areas can have undesirable effect on nearby water sources if the leachate emanated from decomposed solid waste penetrate and contaminate the water table. The use of polluted groundwater for drinking and consumption purposes can cause major health problem. According to WHO, about 80% of 1 3
35 Page 2 of 15 all diseases in human beings are caused by water (Ramakrishnaiah et al. 2009 ). Therefore, a periodic assessment of groundwater quality is necessary in order to ascertain the quality for human consumption purpose as well as to provide an overall scenario about the sources of groundwater contamination, thereby open an avenue for better planning for sustainable management of groundwater.
Hydrochemical study reveals the quality of water suitable for domestic and agricultural purpose. Further, it is possible to understand the change in quality due to rock-water interaction or any type of anthropogenic influence (Wilcox 1948) . Several environmental researchers have identified contamination plumes from disposal sites (Matias et al. 1994; Ikem et al. 2002; Tijani et al. 2002 ) with most of these published studies focusing on defining the spatial extent of groundwater pollution based on geochemical analysis results. The suitability of groundwater resources for irrigation purpose was also studied (Sujatha and Reddy 2003; Sadashivaiah et al. 2008; Ramesh and Bhuvana 2012) . Several published research studies have employed the use of multivariate statistical analysis in the interpretation of groundwater quality data obtained from various sources (Sundaray 2010; Singh et al., 2008; Uddamari et al. 2014; Oketola et al. 2013; Molla et al. 2015; Arslan 2013; Zhang et al. 2014; Majolagbe et al. 2016; Markic et al. 2015; Razmkhah et al. 2010) . Scientists have also employed the use of principal component analysis (PCA) to study soil physicochemical properties and its geochemical constituents, identification of heavy metals pollutants in soil, analysis of heavy metals presence in dust and evaluation of influence of seasons on air pollution (Adhikari et al. 2003; Ma et al. 2016; Satyanarayanan et al. 2016; Gergen and Harmanescu 2012; Iwara et al. 2014; Lu et al. 2010; Burt et al. 2014; Benhaddya and Hadjel 2014; Abdul Raheem et al. 2008) . However, the study of irrigation suitability of groundwater samples within dumpsite and their interpretation using multivariate statistical analysis has not been efficient.
The present study was carried out during dry and wet seasons from close by hand-dug wells neighboring Ajakanga solid waste disposal site for better understanding of spatial and seasonal variability of physicochemical parameters, hydro-geochemical facies of groundwater and identification of contamination sources that may affect the groundwater samples using multivariate statistical approach.
Site description and geological setting
Ibadan is located approximately within the squares of longitude 3° 35 1 -4° 10 1 east of the Greenwich meridian and latitude 7° 20 1 -7° 40 1 north of the equator. Solid wastes are dumped indiscriminately on open grounds and along road networks in so many places within Ibadan metropolis. There are several collection points from which refuse are cleared by government trucks at regular intervals and deposited at the central dump sites managed by the government. The city generates about 1,618,293 kg of solid waste daily. There are four designated dumpsites in Ibadan namely: Aba-Eku, Ajakanga, Awotan and Lapite. For this study, the area is Ajakanga dumpsite in southwestern part of Ibadan. Ajakanga dumpsite lies between latitude of 3° 50 187-3° 50 696E and longitude 7° 18 021-7° 18 979N. It was opened in 1998 and still in operation till date. The general overview of the dumpsite is shown in Fig. 1 . The study area falls within the humid and sub humid tropical climate of southwestern Nigeria with a mean annual rainfall of about 1230 mm and mean maximum temperature of 32 °C. The soil type of the study area belongs to Orthic Luvisol (FAO 2015) . The mean value of the water retention capacity of the experimental soil within the dumpsite is 37.25%.
The geology of the area is a basement complex formation of southwestern Nigeria and are mainly the metamorphic rocks of Precambrian age with few intrusions of granites and porphyries of Jurrasic age. The dominant rock types are: quartzite of meta-sedimentary series, banded gneiss, augen gneisses and migmatites which constitute the gneiss-migmatite complex. Other minor rock types include pegmatite, quartz, aplites, amphibolites and xenolith (Adeigbe and Oluwatoke 2009). Banded gneiss constitutes over 75% of the rocks in and around Ibadan while augen gneisses and quartzites share the remaining in about equal percentages (Adeigbe and Oluwatoke 2009). The basement complex rocks in their unchanged form are characterized by low porosity and permeability which determines the hydrogeological properties of the rocks depending on the grain size and mineralogy of the rocks. The topsoil has been disturbed due to dumping activities in the study area and hence, constitutes the waste dump and the leachate derived from its decomposition processing as shown in Fig. 2 .
Materials and methodology

Collection of groundwater samples
Ten water samples were collected from nearby hand-dug wells within Ajakanga solid waste disposal site during the months of March and August, 2013 using 2-L polyethylene bottles. The distance of the hand-dug wells to the study area as well as the latitude and longitude of each sampling point was taken with the aid of Hand held Garmin Etrex GPS (Azim et al. 2011 ) is shown in Table 1 . The groundwater flow direction of the sampling points is shown in Fig. 3 . Groundwater flow divergent zones were around sampling points S6, S7 and S8 while the convergent zones were around sampling points S1, S4 and S10. Samples S1, S2, and S10 were at downside of the dumpsite while samples S7 and S8 were at a distance of more than 250 m from the dumpsite.
Water samples were collected by lowering the bottle at depth of about one foot below the surface, rinsed the bottle three times with the water to be collected before the actual The collected water samples were transferred into 2-L sterilized polyethylene bottles and kept at 4 °C before chemical analyses at the laboratories. Water samples of approximately 125 mL were used for elemental analysis. Some of water sampling bottles for the analysis of cations and heavy metals were acidified with concentrated nitric acid to bring water acid solution to pH below 2 while the other un-acidified water samples were analyzed for anions concentration. Chemical analyses were carried out for major anions, cations and heavy metal concentrations using the standard procedure recommended by APHA (1998). The qualitative chemical analyses were carried out at the analytical laboratory of department of Environmental Management and Toxicology (EMT) and Central Biotechnology laboratory, both of Federal University of Agriculture, Abeokuta (FUNAAB), Ogun State, Nigeria. Total dissolved solids (TDS), electrical conductivity (EC) and pH were measured in situ with the aid of multi-purpose conductivity meter.
The samples were collected in both wet and dry seasons. Preservation of water samples and chemical analyses were carried out as using standard methods of APHA (20th edition, 1998). The groundwater sampling locations and dumpsite are depicted in Fig. 4 . The predominant rock type in the study area is migmatite gneiss (as shown in Fig. 4 ). Sodium and potassium were determined using flame photometric method while calcium and magnesium concentrations were analyzed using absorption mode of atomic absorption spectrometric (AAS) method. Sulphate and nitrate were analyzed by turbidimetric and UV spectrophotometric method, respectively, chloride, carbonate and bicarbonate by titration method while total hardness (TH) was determined by ethylene diamine tetra acetic acid (EDTA) titration method using Eriochrome black-T as an indicator.
Multivariate statistical analysis
Two different multivariate statistical analyses were used to analyze the groundwater geochemical data. These are principal component analysis (PCA) and cluster analysis (CA). PCA is a multivariate statistical procedure which is used to diminish the dimensionality of the original data set consisting of a large number of interrelated variables while still retaining the inherent dependencies existed in the data set (Jianqin et al. 2010) . Cluster analysis (CA) is a statistical technique that classifies water samples quality parameters into cluster whereby samples/variables within a particular cluster are similar to each other, but dissimilar from other clusters (Zhang et al. 2014; Sundaray 2010) . CA was performed based on agglomerative schedule using a combination of Ward's linkage method (Ward 1963 ) and squared Euclidean distances as a measure of similarity between samples and/or parameters (Zhang et al. 2014) while PCA extract factor with eigenvalue > 1 which explained more total variation in the data set. Only component (factor) with eigenvalue > 1 were retained and later subjected to varimax rotation (Kaiser 1958; Vega et al. 1998; Usman et al. 2014) before being used for interpretation.
Results and discussion
The results of water quality parameter analyses on collected water samples during dry and wet seasons sampling periods are presented in Table 2 . The table shows the variation in the concentration level of analyzed parameters during wet and dry seasons.
Groundwater quality for drinking purposes
The pH values of groundwater samples during dry and wet seasons ranged from 6.9 to 7.8 and 6.7 to 7.3, respectively.
The pH values for the two seasons lie within the permissible limit (Kamble and Saxena 2016; Chavan and Zambare 2014; Ariyo and Enikanoselu 2007) . The total dissolved solids (TDS) concentrations during dry and wet seasons varied from 88 to 299 mg/L and 95 to 351 mg/L, respectively. All TDS values lie below 500 mg/L specified by WHO (2007) and NSDWQ (2007) concentration in groundwater ranged from 1.5 to 15.9 mg/L during dry season and 0-3.9 mg/L during wet season. The concentration of NO − 3 in groundwater and surface water is normally low (Azim et al. 2011 ). The NO − 3 values for both seasons were found to be within the limit of 50 mg/L specified by WHO (2007) . The low concentrations of NO − 3 in analyzed groundwater samples agree with similar studies by Chavan and Zambare (2014) , Ariyo and Enikanoselu (2007) and Subramani and Damodarasamy (2005) . The values of SO 2− 4 in the groundwater samples ranged from 14.4 to 127.7 mg/L and 7.6 to 52.3 mg/L during dry and wet seasons, respectively. However, sulphate values in both seasons lie below 250 mg/L specified by WHO (2007) and NSDWQ (2007) . For the anions ( HCO The Ca 2+ , and Mg 2+ status level in analyzed water samples during dry and wet seasons ranged from 1.3 to 49.2 mg/L and 2.0 to 173.4 mg/L; 1.1 to 14.2 mg/L and 3.3 to 49.3 mg/L, respectively. Na + concentration value in groundwater samples ranged from 12 to 30 mg/L and 11 to 24 mg/L during dry and wet seasons, respectively. There is no significant seasonal variations of K + . The values in groundwater samples ranged from 2 to 6 mg/L and 1 to 6 mg/L during dry and wet seasons, respectively (Kamble and Saxena 2016; Udayalaxmi et al. 2010; Odukoya and Abimbola 2010) . The lowest and highest concentration of K + in groundwater may be due to the fact that most potassium-bearing minerals are resistant to decomposition by weathering processes and fairly low concentrations of ionic potassium in groundwater (Scheytt 1997; Sravanthi and Sudarshan 1998) . However, higher concentration of some water quality parameters were noticed in Wells 1 and 10 which may be due to effect of leachate migration in the southern part of the dumpsite; nearness to dumpsite; agricultural run-off and fertilizer application on the nearby farm settlement. Table 3 shows the details of the descriptive statistics of the analyzed water quality parameters from ten sampling points within the vicinity of the dumpsite. The degree of a linear association between any two of the analyzed variables during both seasons. Highly significant correlation between EC and TDS buttress the fact that EC depends largely on the quality of the dissolved salts present in water sample. There is negative correlation between Na + and K + , TH and NO and between Na + and K + were expected because the effect of nitrogen-fixing bacteria decreases with increasing hardness of water (Fabiyi 2008) while ion is normally less than and Na + in igneous rock typical of basement complex formation (Scheytt 1997) .
Result of statistical analyses
Both PCA and CA were performed on the normalized data set of 13 physicochemical parameters during dry and wet seasons. Tables 6, 7 show the factor loading and eigenvalues of extracted components during dry and wet seasons, respectively, while Fig. 5a , b shows the dendrograms of analyzed parameters for dry and wet seasons while Fig. 6a and TH, moderate loading for Na + The strong positive loading factor of EC, TDS and TH may be interpreted as the influence of anthropogenic pollution from solid waste on the dumpsite while high loading of Ca 2+ , Mg 2+ and TH may be Table 2 Physicochemical parameters during dry and wet seasons for analyzed water samples
All parameters are in unit of mg/L except pH (no unit) and EC in μs/cm Sample pH (Mohapatra et al. 2011) . PC2 accounted for 21.9% of the total variance, showing strong positive loading on SO 2− 4 and this may be due to anthropogenic/organic wastes, atmospheric deposition, agricultural wastes, fertilizers and bacterial oxidation from dumpsite (Sidle et al. 2000) or atmospheric deposition (Wayland et al. 2003) . Moderate positive loading for K + may be due to weathering of granite and magmatic rock, Cl − may be due to anthropogenic waste from dumpsite or mineralization of groundwater while moderate loading of NO 2− 3 may be an indication of livestock and municipal wastes from the dumpsite. PC3 accounts for 12.54% of the total variance while PC4 and PC5 accounted for 8.39 and 7.91% of the total variance.
During dry season, three clusters were identified on the dendrogram of physicochemical parameters. Cluster 1 showed a closed association between HCO 3 − and CO 3 2− and completely agrees with results of correlation coefficient analysis during dry season. Cluster 2 formed , K + and pH . This is an indication of anthropogenic pollution from nearby dumpsite, agricultural wastes and effect of dumping wastes on pH.
On the basis of dendrogram of sampling points, two clusters were formed during dry season. Cluster 1 consists of samples S 2 , S 3 , S 4 , S 5 , S 7 , S 8 and S 9 while cluster 2 consists of S 1 , S 6 and S 10 . These clusters of sampling points during dry season were grouping based on similar water quality characteristics. One-way ANOVA result shows significant difference at 5% level between the two clusters for EC, TDS, Cl − , Na + and Ca 2+ . This is an indication that the EC, TDS, Cl − , Na + and Ca 2+ are physicochemical variables that differentiate the two identified clusters.
PCA, CA and ANOVA during wet season
Three principal components were extracted and accounted for 88.7% of the total variation in data set. Factor 1 accounts for 55.1% of the total variance and characterized by strong positive loading for EC, TDS, Ca 2+ , Mg 2+ , HCO
, Na + and SO
2− 4
, moderate loading on Cl − and negative loading on NO − 3
. The elements in PC1 probably show mineral components of groundwater, dissolution of carbonate minerals, rock-water geochemical reaction, dilution of groundwater, weathering and anthropogenic pollution. Dissolution of gypsum mineral could increase SO 2− 4 concentration in groundwater (Yidana 2010) .
Negative loading on NO − 3 may be due to action of denitrifying bacteria, laminar flow direction and diffusion process (Singh et al. 2008) . Factor 2 has strong positive loadings for pH and K + and accounts for 18.2% of the total variability in the data set while PC3 accounted for 15.4% of the total variance and has a strong negative loading for TH.
Negative loading of EC, TDS, Na + , SO and completely agrees with correlation coefficient analysis and PC1 during wet season. This is a cluster based on rock-water interaction, mineral dissolution and anthropogenic pollution source. Cluster 2 comprises Cl − , Na + and TH , cluster 3 comprises pH and K + and correlates very well with strong positive loading of pH and K + during wet season while cluster 4 consists of only NO − 3 and corresponds with strong negative loading of NO − 3 on PC 2. The dendrogram schedule during wet season based on groundwater sampling sites depicts three (3) clusters. Cluster 1 comprises S 4 , S 5 , S 7 , S 8 and S 9 which were scattered upstream of dumpsite and can be regarded as samples without influence of dumpsite. Cluster 2 comprises S 1 , S 2 , S 3 and S 6 samples on the southern part of the dumpsite. It should be noted that S 1 , S 2 , S 3 water samples in cluster 2 are within the vicinity of the dumpsite. Cluster 3 contains only sample S 10 which is an isolated hand-dug well within a differ significantly at 5% level among the three clusters of groundwater samples. This implies that all the variables in the data set except pH, K + , NO − 3 are factors that discriminate one cluster from the other.
Groundwater quality for irrigation purpose
The suitability of groundwater for irrigation purpose was evaluated by calculating SAR, %Na, soluble sodium percentage (SSP), Kelly's ratio (KR), permeability index (PI) and residual sodium bicarbonate (RSBC). The results of calculated irrigation parameters are presented in Tables 8, 9 for dry and wet seasons, respectively.
The %Na for the groundwater samples from the study area was estimated using the formula:
where the concentrations are in meq/L. Table 10 .
SAR for the groundwater samples was estimated from the formula (Karanth 1987 ):
The water samples having SAR values less than 10 are considered excellent, 10-18 as good, 18-26 as fair (doubtful) and above 26 as unsuitable for irrigation use (USDA 1954) . In the present study, the SAR values for both seasons are less than 10 and can thus be graded as "Excellent" for irrigation use (as shown in Tables 8 and 9 ). Kelly's ratio (KR) was calculated by using the numerical formula (Kelly 1963): where concentrations are expressed in meq/L. The Kelly's ratio of 1 or less than 1 is an indication of good quality water for irrigation purpose, whereas above one is suggestive of unsuitable for agricultural purpose due to alkali hazards (Karanth 1987) . It is observed from Tables 8 and 9 that, 70% of the samples in the study area have KR values below 1, thus belonging to "Good" class while 30% belongs to "Unsuitable" class during dry season. However, in wet season, 90% belong to "Good" class while 10% of samples belong to "Unsuitable" class for irrigation need.
The residual sodium bicarbonate (RSBC) was determined using the formula (Gupta and Gupta 1987):
where the ion concentrations are in meq/L.
According to USDA (1954) , RSBC values exceeding 2.5 meq/L is "Unsuitable for irrigation", if the value of RSBC lies between 1.25 and 2.5 meq/L, it is "marginally suitable" while a value less than 1.25 meq/L indicate safe water quality. Based on this classification, during the dry season, 70% fall under "Unsuitable class and 30% fall under "marginally suitable". However, in wet season, 70% of analyzed samples still fall under "Unsuitable" class while 30% fall under "Marginally suitable" class based on RSBC values (Tables 8 and 9) . Todd (1995) defines soluble sodium percentage (SSP) as:
where the concentrations are in meq/L. The classification of groundwater for irrigation purpose based on SSP value is shown in Table 11 .
The permeability index is calculated by using the formula (Ragunath 1987): where the concentrations are expressed in meq/L.
The PI values > 75 indicate excellent quality water for irrigation. PI values less than 25 reflect "unsuitable" water for irrigation. On the basis of PI values in Tables 8 and 9 , all the water samples from the study area during dry season can be classified as "Excellent" class for agricultural use. During + Na + � × 100, wet season, 90% belong to "Excellent" class while only 10% falls under "Doubtful to unsuitable" class.
Conclusion
The study provides information about the quality of groundwater from hand-dug wells at several locations closed to Ajakanga dumpsite. The major ions in all analyzed groundwater samples were found to lie within the standard limits of WHO (2007) and NSDWQ (2007) . However, high concentration of some water quality parameters were noticed in Wells 1 and 10, which may be due to effect of leachate migration towards the southern part of the dumpsite; nearness to dumpsite; agricultural run-off and fertilizer application. Five principal components with three factors were responsible for 95.7 and 88.7% of the total variance in the data set during dry and wet seasons, respectively. PCA identified parameters influencing water quality were probably related to mineral dissolution, groundwater-rock interaction, weathering process and anthropogenic activities from the dumpsite while cluster analysis based on groundwater samples during dry and wet seasons showed 2 and 3 significant clusters, respectively.
The dendrogram also reflects variation of water quality with climatic season as shown in the differing number of clusters during both seasons. The analyzed physicochemical parameters that explained more than 40% of the total variance in the original data set during both seasons were: EC, TDS, Ca 2+ , Mg 2+ and TH. Calculated irrigation parameters values indicate that, sizeable number of groundwater samples will neither cause salinity hazards nor have adverse effects on soil properties and thus suitable for irrigation needs.
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